ABSTRACT -The objective of this study was to evaluate the effects of feeding cattle with isoprotein and isoenergetic diets, with and without the addition of polyclonal antibody preparation (PAP), yeasts (YST) or monensin sodium (MON) on performance, carcass characteristics and gain cost in feedlot. Ninety-five 20-month old bullocks (323.3±21.8 kg) were distributed in 25 pens. The completely randomized experimental design had a 2 × 2 + 1 factorial arrangement and the treatments were replicated 5 times. There was no effect of MON for DMI throughout the feedlot period; however, MON reduced the dry matter intake (DMI) in g/kg of BW in the first 28 days when compared with the other treatments. The gain cost decreased with MON addition in relation to the other treatments. Inclusion of YST decreased average daily gain (ADG), final body weight, hot carcass weight, carcass weight, gain to feed ratio and DMI in g/kg body weight, worsening feed conversion and increasing the gain cost in the feeding periods. Inclusion of PAP increased ADG and decreased the gain cost, besides improving feed conversion. For MON and PAP, a difference was found for kidney-pelvic fat and kidney-pelvic fat per 100 kg of hot carcass weight. For MON and YST, there was a difference in ADG, feed conversion, gain cost and carcass yield and kidney-pelvic fat per 100 kg of hot carcass. Treatment YST worsened performance in relation to the non-supplemented treatments. Feeding PAP to animals did not influence performance and carcass characteristics of bullocks in feedlot negatively. Thus, PAP shows potential to substitute MON in cattle feeding using isoprotein and isoenergetic diets.
Introduction
The utilization of additives in animal feeding is a way to increase production. Management and modification of ruminal fermentation to improve animal performance have been the aim of a several studies on ruminant species (Martin & Nisbet, 1992; Hardy, 2002; Berghman & Waghela, 2004) .
Among the additives that improve digestion or the amount of available nutrients for adsorption by the gastrointestinal tract and ruminant performance, monensin sodium ionophores and Saccharomyces cerevisiae probiotics are the mostly used in ruminant diets and, consequently, promote better animal performance (Martin & Nisbet, 1992; Millen et al., 2009) .
Another way of managing ruminal fermentation and improving animal performance is immunization against lactic acid bacteria, which is very efficient to reduce the acidosis risks in cattle and sheep fed high-grain diets (Shu et al., 1999; Gill et al., 2000) , Ikemori et al. (1992) and Lee et al. (2002) showed the potential of the immunization technique to favor the protection against specific pathogens. In a study by Ikemori et al. (1997) , the reduction of diarrhea incidence was observed in newborn calves fed bovine colostrum powder or egg yolk from hens vaccinated against bovine coronavirus. Moreover, the immunization utilizing polyclonal antibody preparation (PAP) against Streptococcus bovis (PAP-SB) or Fusobacterium necrophorum (PAP-Fn) decreased the ruminal counting of target bacteria and increased ruminal pH of bullocks fed high-grain diets (DiLorenzo et al., 2006) . Therefore, the objective of this study was to evaluate the effects of supplementation with polyclonal antibody preparation, yeast (Yea-Sacc, 5 x 10 9 ufc of Saccharomyces cerevisiae strain 1026 ® ) and the interaction between the polyclonal antibody preparations and yeast and monoensin sodium on performance, carcass characteristics and cost per kilo gained in feedlot Nellore cattle fed high-concentrate diets.
Material and Methods
The experiment was developed in the beef cattle feedlot sector of the Faculdade de Medicina Veterinária e Zootecnia (FMVZ), Campus of Botucatu, São Paulo state (Brazil), Universidade Estadual de São Paulo (UNESP), Departamento de Genética e Nutrição Animal. This study followed the ethical principles of the ethics committee for animal experimentation (CEUA) of the university, under the protocol no. 173/2009-CEUA.
For the experimental development, 95 Nellore bullocks from continuous grazing breeding system, average age of 20 months and average live weight of 323.03±22.08 kg were distributed into 5 treatments: only ration -control (CTL); ration + polyclonal antibody preparation (PAP) additive; ration + live yeast -Yea-Sacc, 5 x 10 9 ufc of Saccharomyces cerevisiae strain 1026 (YST); PAP + YST (MIX); and ration + monensin sodium (MON) additive.
All 95 animals were housed in a covered feedlot, subdivided in collective pens with an available area of 7.5 m² per animal and 1.25 m linear feed bunk per animal. The pens had slatted floors, suspended at ±1.5 m of height, and automatic drinkers, making it easier to be cleaned.
All animals were subjected to the same management and distributed into the pens as follows: CTL -distributed into 4 pens with 4 animals and 1 pen with 3 animals; PAPdistributed into 5 pens with 4 animals; YST -distributed into 3 pens with 4 animals and 2 pens with 3 animals; MIXdistributed into 4 pens with 4 animals and 1 pen with 3 animals.
The rations supplied were isoprotein and isoenergetic, formulated according to the nutritional requirements described by the NRC (2000) and evaluated by level 2CNCPS model (2000) ( Table 1) , expecting daily weight gains between 1.4 and 1.5 kg/animal. The animals were fed ad libitum twice a day (40% at 08h00 and 60% at 15h00) with constant water provision through automatic drinkers.
The ration provided to the cattle of this experiment only differed as to the inclusion or non-inclusion of the feed additives utilized. The doses of each additive used were: PAP -450 mg/kg of dry matter; YST -450 mg/kg of dry matter; MIX -450 mg/kg of dry matter of PAP and 450 mg/kg of dry matter of YST; and MON -30 mg/kg of dry matter. The additives were provided in powder, mixed to the mineral supplement with urea, using a stainless steel Y mixer with carbon steel structure and epoxy painting. To calculate the amount of feed additive to be added in each 30 kg bag of mineral supplement with urea, the daily dry matter intake was fixed at 10 kg.
After estimating the daily feed intake per pen and per treatment and calculating the total preparation of feed per delivery, the amount of mineral supplement with urea and its respective additives was weighed in plastic pots and manually incorporated to the total feed supplied to each pen of each treatment.
Before the beginning of the experiment, all cattle were weighed, vaccinated, dewormed and subjected to a 20-day pre-adaptation period to reduce stress due to the new environment and facilities and to standardize their ruminal population.
The pre-adaptation diet consisted of fresh sugarcane bagasse, coast-cross grass hay, soybean meal, peanut meal, and mineral supplement with urea at concentrations of 255.40, 500.00, 108.40, 122.90 and 13.30 g/kg of dry matter.
After the pre-adaptation, animals were weighed again and the experiment was started by using the rations called adaptation 1, 2 and 3, and growth for 7-day periods, totalizing the period from 0 to 28 days of the study (Table 1) . Next, the animals received growth ration for 7 more days, and then they were provided with growth ration 02 for 21 days, corresponding to the period from 29 to 56 days (Table 1) .
Growth ration 02 was formulated with 79% of concentrate, provided for 14 days, from day 57 to 84, following the step-up adaptation protocol, and in the last 28 days of the feedlot period, from 85 to 112 days (Table 1) .
Dry matter intake was measured for each pen by daily weighing the feed supplied and the refusals before the morning delivery, and then calculating the daily intake per animal. Ration dry matter was also calculated every day to obtain the daily dry matter intake in kilograms. The data of dry matter intake were also expressed in g/kg of body weight.
To measure the initial and final live weight, the cattle were weighed for two consecutive days, and the initial and final weights were obtained through the average of the weighing days. Still before the first and last weight assessments, the feed was restricted to 2% of the average live weight of animals, for three days to eliminate the weight difference of gastrointestinal content. To obtain intermediate weights of the first and last weight assessments, the cattle were weighed every 28 days, without fasting, and 4% of the assessed weight was not considered to obtain the live weight. Thus, at the end of the experiment, the daily weight gain of the animals was calculated, utilizing the data obtained in the initial and final weight assessments, following the method described by Lush & Black (1927) and Patterson (1947) .
Afterwards, feed conversion was calculated by dividing the total dry matter intake by the total live weight gained during the experiment. The intermediate weight assessments were used to monitor the daily live weight gain and to adjust the amounts of the ingredients in the diet whenever necessary.
Throughout the experimental period, weekly samplings of the diet were done for laboratory analysis of dry matter (DM), crude protein (CP), ethereal extract (EE) and mineral material (MM), according to the AOAC (1995), and neutral detergent fiber (NDF) according to Goering & Van Soest (1970) ; their total digestible nutrients (TDN) were calculated using the equation: TDN = 86.0834 -0.3862 NDF, proposed by Tibo (2000) . The results were expressed in g/kg of DM.
The feed delivery of total diet per pen was adjusted daily by weighing the refusals in feeders of each pen and the visual evaluation of these refusals before the first delivery (8h00), ensuring that the refusal percentage was never lower than 10%.
After the 112-day feedlot period, the animals were feed-deprived for 24 hours in lairage pens and slaughtered in a commercial slaughterhouse, Vangélio Mondelli Ltda., located in Bauru-SP, 96 km away from the feedlot location in Botucatu-SP. Animals were stunned, exsanguinated, skinned and eviscerated, and the carcass was cut into two half-carcasses. The carcass chilling was done in cold rooms at temperatures between zero and two degrees Celsius for 24 hours, following the Regulations of Industrial and Sanitary Inspection of Animal Products (RIISPOA, 2006) .
Hot carcass yield was obtained by dividing the sum of half-carcass weight provided by the meat industry and the animal live weight. The proportion of kidney-pelvic fat was established by dividing the weight of fat in the kidneys and pelvis by the hot carcass weight.
The longissimus dorsi muscle area (LMA), subcutaneous fat thickness (SFT), and rump fat thickness (RFT) were assessed through two measurements (ten days after the adaptation period and nine days before the slaughter). All animals from each treatment were used and the LMA and SFT measurements were done between the 12th and 13th ribs of the longissimus dorsi muscle area, and RFT was measured between the thigh tuberosity (ilium) and the ischial tuberosity (ischium) in the region of the R. Bras. Zootec., v.42, n.1, p.61-69, 2013 bíceps femoris muscle. All images were taken by the same technician, according to the technique described by Perkins et al. (1992) and Gresham (1998) , utilizing Pie medical ScanVet-200 equipped with a 17.2 cm and 3.5 MHz linear probe. The images were produced in the equipment itself by the assessing technician.
The LMA daily gains, subcutaneous fat thickness (DSFT) and biceps femoris muscle subcutaneous fat thickness were calculated through the following formula:
Daily gain in LMA, SFT and RFT = (Final measure -Initial measure)/65 days Where 65 days = number of days between the initial and final evaluation.
The economic analysis was based on the "cost per kilo gained", i.e., how much it cost for the animal to gain one kilogram of live weight when the treatments were compared. The gain cost was calculated according to this formula:
Daily live weight gain (kg/day)
The experimental design was completely randomized and the pens were considered experimental units. Normality and variance heterogeneity tests were done before the variance analysis and, whenever necessary, the data were transformed. The results were considered significant at P<0.05.
The performance data were tabulated separately per periods (0 to 28 days, 0 to 56 days, 0 to 84 days, and 0 to 112 days) in a 2 × 2 + 1 factorial design, where the effects of inclusion or non-inclusion of polyclonal antibody (PAP) or live yeast (YST) plus the additional treatment that contained monensin sodium (MON) were analyzed using PROC MIXED of software SAS (Statistical Analysis System, version 9.1) according to the model:
Model 1 Y ij = µ + T i + e ij ; where: Y ij = observation related to the j-th experimental unity (pen) of the i-th treatment; µ = general average; T i = effect of the i-th treatment, where i = 1: MON, 2: Control, 3: PAP, 4: YST, 5: PAP+YST; e ij = experimental error referring to the j-th experimental unity of the i-th treatment (0; σ 2 e ). When there was interaction between the treatments, the data were analyzed by PROC MIXED of SAS (Statistical Analysis System, version 9.1) and Tukey's test for average comparison. The results were considered significant at P<0.05.
Data referring to initial live weight, final live weight, hot carcass weight and carcass yield were analyzed by the same model; however, only the period from 0 to 112 days was considered in the analysis because the variables were collected at day 0 or at day 112.
The treatment effects were deployed in the following orthogonal contrasts utilizing the CONTRAST option of SAS (Statistical Analysis System, version 9.1): average effect of PAP [(PAP and PAP+YST) 
Results and Discussion
No effect of polyclonal antibody preparation or yeast inclusion was observed (P>0.05) on daily dry matter in kilos and live weight percentage in the periods from 0 to 28, 0 to 56 and 0 to 112 days (Table 2) .
However, the addition of yeast reduced (P<0.05) dry matter intake in kilos and dry matter intake in percentage of live weight in the period from 0 to 84 days (Table 2) . Likewise, in the period from 8 to 84 days, the cattle fed monensin sodium presented lower intake (P<0.05) of dry matter in kilos in relation to the animals that did not receive any additive in the diet. However, in the period from 0 to 112 days, cattle fed monensin sodium had lower dry matter intake (P<0.05) in percentage of live weight than the animals in the group that did not receive feed additive (Table 2) .
The inclusion of yeasts in the diets for ruminants usually increases dry matter intake and neutral detergent fiber (NDF) (Williams et al., 1991; Carro et al., 1992; Kung et al., 1997) . This occurs because live yeasts increase the number of bacteria in the rumen, especially cellulolytic bacteria (Dawson et al., 1990; Newbold et al., 1995) , probably because this increase in dry matter intake and NDF reflects the constant energy intake with a lower amount of dry matter intake, explaining the reductions of dry matter intake in kilos and in percentage of live weight in the period from 0 to 84 days for cattle supplemented with yeast (Minson, 1990) .
Still regarding dry matter intake (g/kg of live weight), there was an effect of monensin sodium inclusion (P<0.05), and cattle supplemented with monensin presented lower dry matter intake when compared with the other treatments in the period from 0 to 84 days. The animals that did not receive feed supplement presented higher dry matter intake (P<0.05) when compared with the animals supplemented in the periods from 0 to 84 days and 0 to 112 days (Table 2) . Performance, carcass characteristics and gain cost of feedlot cattle fed a high level of concentrate and different feed additives R. Bras Monensin sodium inclusion causes increase of molar concentration of propionic acid in the ruminal environment, with concomitant reduction of acetic acid, butyric acid, lactic acid, methane gas, carbon dioxide and ammonia (Machado & Madeira, 1990) , the smallest dietetic amino acid fermentation in the rumen, compensated by its best use in the small intestine (Medel et al., 1991) .
In high-grain diets, ionophores reduce the feed intake and improve feed conversion, keeping or increasing daily gain weight (Table 2 ) without affecting the carcass yield (Table 3) . When the ionophore is included in the diet, the intake may be initially reduced by about 15%, and after some days, 90% of the original intake is regained (Dickie & Forsyth, 1982; Kunkle & Sand, 1998; Stock & Mader, 1998) .
In the present study, monensin sodium supplementation improved (P<0.05) feed conversion (FC) of animals compared with the other treatments in the initial feedlot period from 0 to 28 days, and the effect of supplementation (P<0.05) is also observed with polyclonal antibody preparation when compared with yeast and the nonutilization of additives in high-energy diets (Table 2) .
Cattle supplemented with yeast presented the worst feed conversion (P<0.05) in relation to the animals that were not; however, the cattle that were supplemented with monensin sodium presented better feed conversion (P<0.05) than cattle treated with yeast and the animals treated with yeast and polyclonal antibody preparation by Dunnett's test (Table 2) , and, therefore, the yeast supplement in the ration reduced feed conversion in the total feedlot period (0 to 112 days), but the addition of polyclonal antibody preparation did not have an effect (P>0.05) on the feed conversion in the same period. Byers (1980) reported that the animals receiving highconcentrate diets associated with monensin supplementation presented improvement in performance variables because this additive increases the utilization efficiency of net energy for gain (NEg) in relation to the net energy for maintenance (NEm) by the animal, which decreases the daily dry matter without affecting daily average weight gain, consequently improving the feed efficiency assessed in this experiment by the cost per kilogram of live weight in feedlot.
The yeast inclusion in the ration utilized in the present study resulted in smaller daily weight gain (P<0.05) in the periods from 0 to 56, 0 to 84 and 0 to 112 days. However, the addition of polyclonal antibody preparation increased (P<0.05) daily average weight gain of cattle during the period from 0 to 28 days, but it did not affect (P>0.05) the gain in the other periods evaluated.
Regarding the additional treatment, animals supplemented with monensin sodium presented greater average daily weight gains (P<0.05) when compared with animals supplemented with yeast in the periods from 0 to 56, 0 to 84 and 0 to 112 days. However, no differences regarding average daily weight gain were detected in the animals that received monensin sodium and polyclonal antibody preparation. Several authors report that they had not found an explanation for the increase of weight gain of cattle when provided with diets supplemented with yeast (Malcolm & Kiesling, 1990; Mir & Mir, 1994; Fiems et al., 1995; Kung et al., 1997; Doreau & Jouany, 1998) (Table 3) . Fereli et al. (2010) reported that the use of Saccharomyces cerevisiae in high-concentrate diets for cattle increases the production of microbial mass and promotes a greater flow of bacterial protein available to the animal when compared with the use of monensin sodium which increases the ruminal digestibility and total digestibility of crude protein in comparison with the use of Saccharomyces cerevisiae; this digestibility increase may contribute to the weight gain of animals that were fed monensin sodium.
Considering the gain cost of one kilogram of live weight in feedlot, the addition of yeast to the ration increased (P<0.05) the cost throughout all studied periods from 0 to 28, 0 to 56, 0 to 84 and 0 to 112 days. On the other hand, the inclusion of polyclonal antibody preparation reduced (P<0.05) the gain cost only in the period from to 28 days, and there was no effect (P>0.05) of its addition on the other assessed periods. However, the supplementation with monensin sodium reduced (P<0.05) the cost of one kilogram of live weight when compared with the average of the other treatments in the periods from 0 to 28, 0 to 84 and 0 to 112 days. Nevertheless, cattle supplemented with monensin sodium presented gain cost similar to (P<0.05) those supplemented only with polyclonal antibody preparation.
In the period from 0 to 56 days, there was interaction (P<0.05) between the inclusion of additives, polyclonal antibody preparation and yeast. When interaction was deployed, it was observed that the supplementation with yeast increased the yield cost in diets that did not contain polyclonal antibody preparation, which did not occur when the latter was added (Table 4 ). This can be explained by the fact that cattle supplemented with polyclonal antibody preparation presented the same daily dry matter intake as the cattle supplemented with yeast, but with greater average daily weight gain, and because additives have different values in commercialization.
The main effect of yeast addition was not observed (P>0.05) for initial live weight, carcass yield, kidney-pelvic fat, kidney-pelvic fat on the percentage of hot carcass weight, initial and final LMA, initial and final SFT, initial and final RFT, and daily gain in SFT and RFT ( However, the addition of yeast to rations resulted in lower (P<0.05) final live weight, hot carcass weight, carcass weight, and daily gain in LMA when compared with animals that were not supplemented with yeast (Table 3) . On the other hand, the addition of polyclonal antibody preparation to the rations did not affect (P>0.05) any response variables measured related to carcass traits.
Cattle fed monensin sodium presented greater (P<0.05) hot carcass weight and kidney-pelvic fat compared with the average of the other treatments. When the monensin sodium supplementation was compared with each treatment individually, greater (P<0.05) hot carcass weight and kidney-pelvic fat were observed in relation to the cattle supplemented with yeast, polyclonal antibody preparation and yeast plus polyclonal antibody preparation. Nevertheless, for the kidney-pelvic fat in percentage of hot carcass weight, animals supplemented with monensin sodium had greater kidney-pelvic fat (P<0.05) only in relation to the cattle supplemented with polyclonal antibody preparation (Table 3) .
When the values of kidney-pelvic fat were expressed in relation to 100 kg of hot carcass, the carcasses of animals that were fed ration with polyclonal antibody preparation presented (P<0.05) a smaller amount of kidney-pelvic fat in relation to the carcasses of animals that received the ration with addition of monensin sodium (Table 3) . This can be associated with a more efficient action of the polyclonal antibody preparation to increase ruminal digestibility and total protein in comparison with the use of Saccharomyces cerevisiae on the ruminal environment managements (DiLorenzo et al., 2006; Fereli et al., 2010; Gomes et al., 2010) .
For the initial and final LMA area, initial and final SFT, initial and final RFT, daily gain in LMA area, daily gain in SFT and daily gain in RFT, with the effect of MON (P>0.05) was not observed when compared to the other treatments (Table 3) .
Supplementing dairy cows with live yeast, Magalhães et al. (2008) did not find alterations in dry matter intake, live weight gain and efficiency of diet energy utilization. Gomes et al. (2010) , adding live yeasts and monensin sodium to the diet of Nellore cattle, found higher concentration of acetate, lower concentration of propionate and butyrate, higher concentration of ruminal ammonia, lower acetate: propionate ratio and lower rate of effective degradation of feed for animals supplemented with live yeast when evaluating ruminal parameters.
These associated factors made Magalhães et al. (2008) and Gomes et al. (2010) conclude that the supplementation with live yeasts worsened microbial fermentation of cattle, suggesting that the lower production of propionate along with the lower effective degradation rate of feed in the rumen may have affected the performance of cattle, decreasing their daily weight gain and making them present lower final live weight, hot carcass weight, carcass yield, kidney-pelvis fat and daily gain in the LMA area.
Conclusions
The utilization of live yeasts in high-concentrate diets results in an increase of 9.22% of cost per kilo gained in feedlot because it worsens feed conversion, reduces performance and characteristics related to carcass muscularity of cattle fed them. The utilization of polyclonal antibody preparations in high-concentrate diets does not result in an increase of the cost per kilo gained in feedlot, but increases the amount of visceral fat in the carcass of animals that received them. The utilization of monensin sodium in high-concentrate diets is efficient. 
